We explore the structure and kinematics of a dispersed filament of galaxies residing between the Local Void and the Virgo cluster. For such purpose, we consider a sample of 361 galaxies with radial velocities V LG < 2000 km s −1 inside the sky area of [RA= 13.0 h − 18.0 h and Dec.= −5
Introduction
Recent mass measurements of radial velocities and distances of galaxies engage for obtaining shortly the detailed map of peculiar motions within the Local Supercluster. Since the peculiar velocities field is generated by the dark matter distribution in the considered volume and its neighbourhood, invoking N-body simulations to the analysis gives us a possibility to trace the large scale structure relief, i.e. the disposition of the main attractors and voids. According to Sorce et al. (2013) , the constrained simulations method can spot some massive proximal attractors such as the Virgo cluster with an accuracy of about 5 Mpc.
However, as it was noticed by different authors (Vennik 1984 , Tully 1987 , Makarov & Karachentsev 2011 , Karachentsev 2012 , the virial mass estimates of galaxy groups and clusters in the Local Universe lead to the average matter density value of Ω m (local) ≃ 0.08 which is 3 times lower than the global cosmological value Ω m (global) = 0.24 ± 0.03 (Spergel et al. 2007) . One of the possible explanations of this discrepancy is the assumption that the lacking 2/3 of the dark matter total amount are spread outside the virial radii of galaxy groups and clusters. Yet, the analysis of Hubble flows around the nearest aggregates: the Local Group (Karachentsev et al. 2009 ), M81 group (Karachentsev & Kashibadze 2006) , Cen A group (Karachentsev et al. 2007 ), Virgo cluster (*) E-mail: ikar@sao.ru (**) E-mail: vakara@mao.kiev.ua (***) E-mail: phiruzi@gmail.com (Karachentsev & Nasonova 2010) and Fornax cluster (Nasonova et al. 2011) shows that the total masses of these groups and clusters within "zero velocity surface" radii, R 0 , are in a good agreement with the virial mass estimates, although R 0 radius is roughly 4 times larger than virial one. Hence, the major fraction of the lacking dark matter is spread outwith infall zones around groups and clusters. There are some suggestions in literature that significant amount of dark matter could be located in "dark filaments" conducting intergalactic matter into hot virial regions (Dietrich et al. 2012 , Whitting 2006 .
Obviously, the Local Supercluster is the most appropriate object to verify these hypotheses due to the high density of observational data on galaxy velocities and distances. In our previous papers we considered motions of galaxies in filaments attached to the Virgo cluster, as the centre of the Local Supercluster, from North and South. In Virgo Southern Extension region [RA=12.5 h − 13.5 h , Dec. =−20 et al. 2013 ) the mean matter density was estimated to be Ω m = 0.11 and 0.08, respectively. But we surmised the existence of a dark attractor with the mass of ∼ 2 × 10 14 M ⊙ in the Coma I region [RA=11.5 h − 13.0 h , Dec. =+20 et al. 2011) . All these three zones are situated along the equator of the Local Supercluster where the structure and kinematics of galaxy groups is some way faded away due to projection effects.
As it can be seen from the mapped distribution of 1 galaxies with radial velocities V LG < 2000 km s −1 (Figure 1) , there is a chain of galaxy groups spanning from Virgo [RA=12.5 h , Dec. =+12
The kinematics of this structure should be influenced both by galaxies infalling towards the Virgo cluster as well as more eastern galaxies moving away from the expanding Local Void (Nasonova & Karachentsev 2011) . This narrow strip of sky crossing the Bootes constellation was decided to be considered in details in the present paper.
2 Observational data on galaxies in the Bootes strip
Based on the Lyon Extragalactic Database = LEDA (http://leda.univ-lyon1.fr), we have selected galaxies with radial velocities V LG ≤ 2000 km s −1 relating to the Local Group centroid in the sky region with equatorial coordi-
. Among 2515 extracted objects, 2154 or 86% (!) turned out to be false galaxies, mainly the Milky Way stars. There is also a number of high velocity clouds detected in Arecibo HI survey.
The major part of the considered strip is covered by the optical SDSS survey (Abazajian et al. 2009 ) as well as HIPASS (Zwan et al. 2003) and ALFALFA (Haynes et al. 2011 ) HI surveys, which is a certain advantage for our purposes. Using these surveys we performed an independent morphological classification of galaxies and refined the data on their apparent magnitudes and radial velocities. We eliminated several cases when apparent magnitude or radial velocity estimates were attributed to fragments of the same galaxy. New data from the ALFALFA survey gave us an opportunity to determine distances for many galaxies from the Tully & Fisher (1977) relation between luminosity of a galaxy and its HI line width W 50 (measured at the level of 50% of the peak).
The resulting list of 361 galaxies in Bootes strip obtained by comparing critically the data from different sources and eliminating some ambiguous cases is presented in Table 1 . Its columns contain: (1) galaxy number in the known catalogues; (2) equatorial coordinates for 2000.0 epoch; (3) integral apparent magnitude in the B band from the NASA Extragalactic Database (=NED) (http://ned.ipac.caltech.edu), LEDA or SDSS; in some cases with discrepant values of B T from different sources we had reliance on our own eye estimates of the apparent magnitude; (4) galaxy distance (in Mpc) together with the method applied for estimating the distance: "sn" -from Supernova luminosity, "rgb" -from the tip of the red giant branch luminosity, "sbf" -from surface brightness fluctuations (Tonry et al. 2001), "tf" or "TF" -from M B = −7.27(log W 50 − 2.5) − 19.00; to correct W 50 for inclination in the case of dwarf galaxies we assumed their spatial shape to be a spheroid with the axial ratio of 1:2 (Roychowdhyry et al. 2013); (5) radial velocity in the Local Group frame and its error (in km s −1 ); (6) morphological type according to our identification; (7) name of the brightest galaxy in the group (Makarov & Karachentsev 2011) or in the pair (Karachentsev & Makarov 2008) which the considered galaxy belongs to. As it follows from this column data, more than a half (56%) of all galaxies in the Bootes strip form bound systems.
The upper panel of Figure 2 presents the radial velocity distribution of 361 galaxies in the strip. The velocity colorscale is shown under the panel. All the galaxies have radial velocities V LG > 650 km s −1 except proximate dwarf KKH 86 with V LG = 209 km s −1 and D= 2.6 Mpc. Most galaxies with radial velocities lying in the range (700 -1300 km s −1 ) are situated on the western side of the strip, neighbouring the Virgo cluster. A circular arc near RA ≃ 14 h marks the zero velocity surface with radius R 0 which separates galaxies falling toward the Virgo centre from those being involved with the cosmological expansion. For the Virgo cluster R 0 value is 7.2 Mpc or 25
• (Karachentsev et al. 2014) . MK groups (Makarov & Karachentsev 2011) are marked by names of their brightest galaxies. The most notable feature of galaxy distribution in the Bootes strip is the compact group NGC 5846 which numbers 74 members with measured radial velocities (some of them slightly exceed the limit of 2000 km s −1 adopted for this research).
The middle panel of Figure 2 represents the morphological type distribution of considered galaxies. Early type galaxies (E, S0, dSph) are plotted as red markers, spirals (Sa-Sdm) as green ones while irregular galaxies (Ir, Im) and blue compact dwarves (BCD) marked with blue. As one can see, most early type galaxies are concentrated among the population of NGC 5846 group and several other groups (NGC 5363, NGC 5638), though certain S0 galaxies (NGC 6010, CGCG 052-15) occur in the general field too.
Among all the 361 galaxies of the Bootes strip, 161 galaxy (45%) have distance estimates. Distance distribution of these galaxies is shown on the lower panel of Figure 2 . About 2/3 of them lie in the range of (25±5) Mpc. As most galaxies in the Bootes strip have distances measured from Tully-Fisher relation with an accuracy of ∼ 20%, the line-of-sight width of the Bootes filament turns out to be comparable with the typical distance error. A polyline under the panel represents the running median of D value along right ascension with window of 0 h . 5. As it follows from these data, the major part of the Bootes filament galaxies is located farther than the Virgo cluster which has, according to Mei et al. (2007) , the mean distance of 16.5±0.5 Mpc. Going by the running median trend, the Bootes filament seems to be slightly curved and galaxy distances tend to decrease towards the Virgo cluster.
3 The Hubble flow in the Bootes strip . 3. Galaxies in the Virgo infall zone demonstrate clearly a droop of the H median; to the contrary, in the vicinity of the Local Void H value rises which is quite expectable since galaxies move away from the void centre (unfortunately, the galaxy number statistics near the void is poor).
Peculiar velocities distribution of the Bootes strip galaxies is similar (the lower panel of Figure 3 ). The main body of the Bootes filament is characterized by roughly the same value of V pec ≃ −250 km s −1 tending to increase near the Local Void boundary and to decrease significantly (to -600 km s −1 ) near the Virgo cluster. The relation between radial velocities and distances of galaxies in the Bootes strip is presented in Figure 4 , where straight line corresponds to the Hubble parameter value H 0 = 72 km s −1 Mpc −1 . Galaxies in the Virgo infall zone (RA< 14 h . 0) are plotted as open circles while other single galaxies are shown as solid ones. Due to distance errors (∼20%), a nonlinear Malmquist bias appears in this Hubble diagram: absolute distance errors for farther galaxies are larger than those for nearer ones, so the whole set of galaxies is shifted rightwards apparently. To reduce Malmquist bias, we use pairs and groups of galaxies with distances measured for two or more members. Mean radial velocities and mean distances for 10 groups and 5 pairs are shown as squares and triangles, respectively, indicating mean distance error bars. Three groups and a pair in the Virgo infall zone are plotted with open circles. As can be seen, in most cases the deviations of groups and pairs from the general Hubble flow are quite small though exceeding their mean distance errors. The most deviating group beyond the infall zone is NGC 5838 with a peculiar velocity of ∼ 500 km s −1 which is probably due to the influence of the neighbouring massive group NGC 5846.
Sub-structures in the Bootes filament
According to the galaxy grouping criterion (Karachentsev & Makarov 2008 , Makarov & Karachentsev 2011 ) the considered region is populated with 13 groups and 11 pairs. Their main properties are presented in Tables 2 and 3 , respectively. The columns of Table 2 contain: (1) name of the brightest galaxy in the group; (2) number of group members with measured radial velocities; (3) mean radial velocity in the Local Group frame; (4) group distance (in Mpc) corresponding to the mean distance modulus (m − M ); (5) dispersion of radial velocities; (6) mean projected harmonic radius of the group; (7) stellar mass logarithm derived from the total luminosity of group members in the K-band; (8) projected mass logarithm (Heisler et al. 1985) :
where ∆V i and R i are radial velocity and projected distance of the ith galaxy relative to the system centre and G is the gravitational constant; (9) projected-tototal stellar mass ratio in logarithmic scale; (10) number of group members with individual distance estimates; (11) the mean-square difference of distance moduli of the group members; in the case N D = 1 we formally put
. 4 which corresponds to distance error of 20%.
The data on galaxy pairs are given in Table 3 in the same manner. Here, projected (i.e. orbital) mass is defined as M p = (16/πG) × ∆V 2 12 × R 12 , where ∆V 12 and R 12 are radial velocity difference and projected separation between the pair components.
a) Galaxy groups.
The most prominent structural unit in the Bootes strip is NGC 5846 group. Being a compact system densely populated with early types galaxies, NGC 5846 group is obviously at the advanced stage of its dynamical evolution. Mulchaey & Zabludoff (1998) mention the presence of Xray emission around NGC 5846 as the central galaxy of the group. The population of this group was considered by Zabludoff & Mulchaey (1998 ), Mahdavi et al. (2005 , and Eigenthaler & Zelinger (2010) . According to Mahdavi et al. (2005) , NGC 5846 group includes about 250 members with absolute magnitudes brighter than M R = −12 mag while the virial mass of the group is 8.4 × 10 13 M ⊙ . The same authors noticed the group is significantly isolated along the line of sight: on the 10 sq. deg. area occupied by this group there is not any galaxy lying in the foreground while the nearest neighbouring galaxies in the background appear only at V LG ≥ 6000 km s −1 . Based on X-ray emission pattern, Mahdavi et al. (2005) (NGC 5838) that leads to decrease of the virial mass estimate from 8.4 × 10 13 M ⊙ to 4.8 × 10 13 M ⊙ for the whole complex of galaxies around NGC 5846. Figure 5 represents a close-up view of galaxy distribution in the region of NGC 5846 group. Another populated group around Sb type galaxy NGC 5746 lies to the west of NGC 5846, as well as a group around E type galaxy NGC 5638, a group around Sab type galaxy NGC 5566 and some more poorly populated groups and pairs. The radii of zero velocity surface for these groups (with virial masses specified in Table 2 ) are 2.8 Mpc (NGC 5846), 1.0 Mpc (NGC 5838), 2.0 Mpc (NGC 5746) and 1.4 Mpc (NGC 5566). With weighted average distance D = 26 Mpc, the angular radii of the infall zones are 6.1
• , 2.2 • , 4.4
• and 3.2 • , respectively. Hence, the infall zones around the considered groups overlap substantially and the substructures themselves can merge eventually into a single dynamical system.
It is worth emphasizing that members of the MKgroups ( Makarov & Karachentsev, 2011) , were found by their radial velocities and projected separations with regard for galaxy stellar masses (K-band luminosities) while their individual distance estimates were not considered. Since most galaxies in the Bootes strip have Tully-Fisher distance estimates with an accuracy of ∼ 20% or 0.4 mag, the scatter of distance moduli estimates inside a group should be ∼ 0.4 mag. The data in the last column of Table 2 show that the rms difference σ(m − M ) weighted by the number of group members N D is 0.35 mag. Hence, the applied grouping algorithm does not add a substantial number of false members into the groups.
b. Binary galaxies.
The pairs of galaxies from Table 3 are characterized by the median distance of 26 Mpc typical for the whole population of the Bootes strip. The median radial velocity difference for the components of 11 pairs is only 22 km s −1 giving evidence for their physical connection. The median projected separation of the components is 180 kpc which is also typical for dynamically bound pairs. The median projected mass of the binary galaxies is 0.8×10 10 M ⊙ and the typical projected mass-to-total stellar mass ratio amounts to M p /M * ≃ 7. For five galaxy pairs having distance estimates for both components, the (m − M ) scatter does not exceed the expected tolerance of ∼ 0.4 mag. c. Field galaxies.
As it was noticed afore in this paper, about 44% of galaxies in the Bootes strip are not bound to any system forming the field population. This ratio is just typical for the whole volume of the Local Supercluster, limited by radial velocities V LG < 3500 km s −1 (Makarov & Karachentsev 2011). Low luminosity objects and late type galaxies are common among the field population. This fact fits well into the paradigm in which masses of galaxies and luminosity of their bulges grow with time due to the repeating hierarchical merging.
As seen from Figure 4 , single galaxies in the Bootes strip are more scattered in the Hubble diagram than centres of groups and pairs. This is mainly caused by distance errors. In spite of the distance scatter, single galaxies on the western side of the Bootes strip (open circles) also show the effect of infall towards the Virgo cluster similarly to centers of groups and pairs. It should be noted that distances of some galaxies measured via Tully-Fisher relation differ significantly from those expected from their radial velocities (even taking into account the Virgo-centric infall effect). We have eliminated some of these distance estimates, for example, for dwarf galaxies SDSS 1430+07 and CGCG 75-063 with spurious widths W 50 ∼ 170 km s −1 attributable to HI flux confusion from neighbouring bright spirals. However, there are some problematic cases in Table 1 with a strong discordance between radial velocities and distances. One of them is an isolated galaxy AGC 238769 with radial velocity of 953 km s −1 and distance estimate of 34.0 Mpc. Another case is a flat galaxy FGC 1642 with V LG = 1168 km s −1 and D = 34.6 Mpc, we have excluded from NGC 5248 group members when estimating dispersion of (m − M ). Significant deviations of such galaxies in the Hubble diagram not attributable to their wrong HI line width or inclination error can give argument for existent large peculiar motions of these scarce galaxies.
5 Local density of matter in the Bootes strip
The virial (projected) mass distribution of galaxy groups (squares) and pairs (triangles) in the considered strip versus their total stellar mass is depicted in Figure 6 . There is a positive correlation between virial and stellar masses, well-known from other data. While masses are small, the significant vertical scatter is caused mainly by projection factors. According to Jones et al. (2006) , the mean density of the stellar matter in the Universe is 4.6 × 10
as H 0 = 72 km s −1 Mpc −1 . The global matter density Ω m = 0.28 in the standard ΛCDM model with this Hubble parameter is equivalent to dark-to-stellar matter ratio of M DM /M * = 97. This value is shown as a diagonal in Figure 6 . All the groups and all the pairs except one in the Bootes strip are situated under this line. The sum of virial masses-to-sum of stellar masses ratio for all the groups and pairs, M p / M * = 33, is plotted as a cross. The dashed line drawn through the cross indicates the mean mass density Ω m (Bootes) ≃ 0.09, which is three times smaller than the global cosmic density. Here, we did not consider for contribution of single galaxies, but evidently the field galaxies contribute both to numerator and denominator of the ratio M p / M * . Moreover, considering them should only reduce slightly this proportion. Thus, the observational data on galaxy motions in the Bootes strip give us an argument that this filamentary structure does not contain a large amount of dark matter at a level of Ω m ≃ 0.28. This statement refers certainly to virial mass estimates based on internal motions of galaxies in systems. Yet, supposing that 3-5 times larger mass is hidden in the Bootes filament between the groups, then the total mass would be about 4 × 10 14 M ⊙ , i.e. comparable with the mass of the Virgo cluster, and the velocity dispersion for centres of groups and pairs should be considerably larger than what is observed.
Concluding remarks
Reconstruction the 3D cosmic flow field in the Local Universe undertaken by Courtois et al. (2013) using the Wiener Filter method shows the complex picture of galaxy motions in the region between the Local Void and the Virgo cluster. When the spatial location of the Virgo cluster and the pattern of Virgocentric infall seem to be well-defined, whereas the extent of the Local Void and the position of its centre stay controversial.
In the diagram presented in the Figure 7 we tried to represent position of the Bootes filament relative to the Virgo Cluster and Local Void as two main agents forming the peculiar velocity field in the Bootes strip. We assumed the distance to the Virgo centre to be 16.5 Mpc (Mei et al. 2007 ) and the line-of-sight extent of the Local Void to range from 0 to 20 Mpc with the centre lying halfway (Nasonova & Karachentsev 2011). The Local Group with an observer is situated in the lower left corner while the diagram axes roughly correspond to Supergalactic axes SGY and SGZ. This diagram illustrates changing proportions between line-of-sight projected velocities of the Virgocentric infall and of the Void outflow in different regions of the Bootes filament. This sketch allows to understand the behaviour of the mean peculiar velocity (Figure 3 ) along the filament.
We hope wholesale measurements of galaxy distances both northward and southward of the Bootes strip will give in the near future more detailed information on the Local Void geometry and motions of galaxies in its immediate neighborhood.
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